The use of cell cultures in research and in regenerative medicine programs has increased in the past few years, and control of the risks inherent to these procedures should be increased. People who work in stem cell bank installations should be aware of the risks implied in their work and take necessary self-protection measures for the known and unidentified risks. Work in stem cell bank installations is subject to different types of risks, such as toxicologic, carcinogen and, mainly, infectious risks. Different types of safety measurements should be distinguished and secured, for example for protection of personnel, protection of the cell cultures and protection in general of humans and the environment.
Introduction
Stem cell bank installations have special and generally unique work environments, which can present different identifiable risks for the personnel who work in them. The use of tissue and cell cultures in research for their later application in regenerative medicine programs has increased considerably in the past few years and so, in line with this, control of the risks inherent to these procedures should be increased. Although the cell cultures may not apparently be dangerous, they do have potential risks for the laboratory personnel. There are different types of risks, such as toxicologic risks, as a result of the use of reagents and toxins [1] , infectious risks, as both human cell and animal cell cultures can contain virus and other microorganisms [2, 3] , and other not so well-known risks, such as certain carcinogens [4] . Biologic material is used intensively in the biomedical research of these installations. In this type of research the use of modern molecular biology techniques, such as recombining DNA technology [5] , is still increasing.
Three types of safety measures should be distinguished and secured, for the protection of personnel, for the protection of cell cultures, and different measures for the protection of human beings and the environment in general. The use of dangerous biologic material requires two types of legislation: legislation relating to the protection of the personnel who carry out activities where biologic agents are handled, and legislation relating to the environment with respect to work with toxins and genetically modified organisms. For both types, there is European and international legislation that laboratories should adhere to [6 Á/8] .
So, it is important that the people who work in stem cell bank installations are enabled to know the risks implied in their work and take necessary self-protection measures against known and unidentified risks [9] . In this review, we show and discuss the risks that are inherent to work in stem cell bank installations and provide many recommendations for working in a safe manner in these installations.
Safety principles
These principles refer to the intrinsic dangers of live agents and other types of substances and how these should be manipulated in terms of safety [10] . The potential danger should be considered and measures that minimize the risks for human health and the environment should be taken before work commences with these substances in stem cell bank installations.
With respect to the biologic material and live microorganisms, any danger can depend on the characteristics of the substance and the micro-organism in question. Thus, pathogenicity, toxicity, alergenicity and ecologic disturbances are characteristics that should be taken into account.
Safety practices
People who work in stem cell bank installations with infectious agents and dangerous materials should know the potential risks and be qualified in the practices and techniques required to handle the aforementioned materials. The director of the stem cell bank installation is responsible for providing and organizing adequate qualification of the personnel. Each establishment is obliged to develop and adopt an operations manual and a safety manual that identify the risks that can be encountered and specify the practices and procedures aimed at minimizing or eliminating exposure to those risks. When standard laboratory practices are not enough to control the risks, it may be necessary to apply additional measures and the installation director is responsible for selecting such additional safety practices.
Safety equipment: primary barriers
Safety equipment includes biologic safety cabinets (BSC), closed containers and other engineering controls used to minimize or eliminate exposure to dangerous materials. The BSC are the main mechanism for providing containment of splashes and aerosols generated by different procedures [11, 12] .
Other equipment, such as a safety centrifuge, can prevent the liberation of aerosols during the centrifuging process. The safety equipment should also include elements of personal protection, such as gloves, coats, suits, shoe covers, face masks and safety glasses (see below).
Safety of the installations: secondary barriers
Installation safety provides a barrier to protect those who are outside the laboratory as well as those who are inside. The installation director is responsible for providing installations built with appropriate specifications for the work to be carried out in the laboratory and the safety levels recommended for the agents to be handled. Installation designs should include specialized ventilation systems to assure directional air flow, air treatment systems to decontaminate or eliminate escaped air agents, controlled access areas, air locks in the access doors, or separate buildings or modules in order to isolate the work rooms.
Levels of biosafety
There are four levels of biosafety comprising combinations of good practice and technique, safety equipment and installations [10] . Each combination is specific for the operations to be carried out, channels of documented or suspected transmission of the infectious agents and the function or activity of the installation. At present, a biosafety level has not been proposed for stem cell bank installations so it is necessary to define one. In these establishments it is possible to work with cultures in which micro-organisms like prion particles, the genus is Mycobacterium tuberculosis and human or animal virus could be present.
Classification and risk assessment
Risk implies a probability that damage, lesion or illness can occur. In the context of stem cell bank installations, risk assessment is mainly considered regarding the prevention of laboratory infections [13] , although this should not be the only point considered.
Risk assessment can be qualitative or quantitative. For example, in the presence of known dangerous materials, such as residual levels of formaldehyde after fumigating the room, a quantitative decision can be carried out. However, in many cases quantitative information can be incomplete or non-existent.
The risk assessment in stem cell bank installations should be carried out in close collaboration with a biosafety committee and other professionals related to biosafety in order to guarantee the fulfillment of the guidelines and regulations established. All the risk factors should be explored and identified when carrying out a qualitative risk assessment. However, risk determination is a challenge in cases where there is incomplete information about the factors. For example, some individuals can have an increased susceptibility to different agents because of underlying illnesses, use of medicines, immunodeficiencies, pregnancy and lactation. These factors should be included as part of the risk assessment.
Work with biologic material
Tissue and cell cultures handling Biodangerous agents are organisms that have the capacity to produce lethal effects because of their infectious nature. Human beings can be exposed by inhalation, ingestion and absorption through the skin and under the skin.
Because they are derivates of the human body, all cell products (blood, tissues, pre-embryos and even reproductive cells) carry the potential risk of transmitting illnesses. Screening of infectious agents should be carried out on donors or on the donated products for the presence of HIV, HBV, HCV, Treponema pallidum and HTLV-I/II [14] in some circumstances, and products disposed of if they are positive for any of them. Other potential contaminants of human biologic material, including herpes viruses (CMV, VEB, HHV-6, HHV-7 and HHV-8), prionic proteins, polyomavirus (JC and BK virus), parvovirus B19 and virus transmitted by transfusion (TTV), are latent and detectable from childhood and are potential contaminants of cells of healthy adult individuals [15 Á/17] . In pre-embryos, the risk of Neisseria gonorrhoeae and Chlamydia trachomatis should be taken into account [18, 19] .
On the other hand, viral contamination of feeder cells, which is a common risk in all biotechnologic products derived from cell lines, is the most serious and challenging outcome because of the difficulty involved in detection and the capacity to cause serious disease in recipients of embryonic stem cell products. Hantaan virus, lymphocytic choriomeningitis virus (LCMV) and reovirus 3 have been detected in mouse colonies and have been known to cause serious infection and even fatalities in laboratory personnel [20, 21] . Moreover, certain mouse viruses are also known to be capable of infecting human and/or primate cells (Ectromelia virus, Minute virus of mice, mouse adenovirus, mouse cytomegalovirus, mouse rotavirus, pneumonia virus of mice, Toolan virus and Kilham rat virus) [22] .
Furthermore, any new entity that emerges, such as HTLV-3 and HTLV-4 [23] , should be considered a risk factor regarding contamination, and a diagnostic methodology (if there is not one already existing) should be applied to assure that the biologic material is not compromised; the transmission of rabies by transplanted organs has been published recently [24] , so it is necessary to be alert to emergent pathogens.
The risk of transmitting these illnesses to the staff who work in the stem cell bank installations should be reduced by adopting standardized preventive procedures [25] . With respect to the safety of the recipients, human cell products should be kept in quarantine before use (a minimum of 6 months) while their suitability is determined using the screening tests of established relevant illnesses.
Research in stem cell bank installations
Research in specialized units within stem cell bank installations can involve work with specific microbial agents, human tissue and body fluids, human and primate cell culture lines and other animal cell lines. Work with human and primate cell lines is dangerous because of the presence of latent virus resulting from experimental infections [3] . Human and animal cell lines of non-linfoid cells can be considered as carriers of less dangerous virus, unless there is knowledge of infection with more dangerous agents. For all primate cell lines derived from linfoid cells, tumor tissue cell lines from primates, primate cell lines exposed to or transformed by oncologic primate virus, primate cell lines contaminated by mycoplasms and permanent cell cultures of human lymphocytes, it should be assumed that they harbor dangerous agents at a moderate or high level.
Some micro-organisms may have been genetically modified using recombining DNA procedures, so it is possible that future applications of technologic procedures for recombining DNA will produce new viral hybrids. In the majority of the cases, the choice of an adequate biosafety level begins by establishing the virus that has not been modified. It is of utmost importance to take into account the nature of the genetic modifications and the quantity of virus to select the biosafety level at which to work with a recombining virus [26] .
Maintenance and restoration of the installation When damaged materials are substituted, personnel can be exposed to fungal toxic agents and their metabolites. The decontamination of installations that have been used for biologic research or other work that includes animal or human biologic fluids can expose personnel to biologic agents or to effects of decontaminating agents.
Residual elimination operations and transport
Personnel who store and handle residuals that contain biologic materials can be exposed to dangers such as microbial agents and animal or human fluids or tissues. The transport of biologic material can also carry risk of infection of personnel because of containers damaged during transporting and storing or inadequate handling.
Containment requirements Levels of containment
The term containment should be used in stem cell bank installations to describe safe methods for handling dangerous materials in the environment where they are handled or conserved. The aim of this containment is to reduce or eliminate the exposure of those who work in these areas and of the environment to potentially dangerous agents.
Primary containment is the protection of the personnel and the immediate environment, and this is acquired by using good laboratory practice and the use of adequate safety equipment, which can also be complemented by the use of vaccines. Secondary containment is the protection of the external environment from exposure to dangerous materials, and this is achieved using a combination of the design of the installation and operational practices.
There are four levels of containment appropriate for the four risk classes of pathogen and/or genetically modified organisms [10] . Each subsequent containment level requires a series of additional containment measures and even safer practices. Although containment level 2 for the handling of well characterized and authenticated cell cultures is well established [27] , containment appropriate for the potential risk should be established for uncertain cultures. GMO cell lines may need some additional containment measures in accordance with the nature of the genetic modification and the work to be carried out. It is also necessary to assess the inherent dangers of the chemical substances or reagents used in order to determine the level of protection required for the personnel.
Physical containment
Physical containment includes all the physical measures that are taken to protect the cultures from the surrounding environment and vice versa. The structures, floors, walls, roofs, doors and windows of the laboratory, in addition to the points of reference to be taken for the work with the pathogens or genetically modified micro-organisms, could be included here. In order to be able to manipulate microorganisms, the workplace should have a flat surface and be easy to decontaminate. There should not be basins for hand washing; in clean rooms there should be no points for water as this is considered a focus of contamination. It is necessary to wash hands, for example using Handyclean, at the beginning of experiments, which should then be carried out with gloves. Before beginning work, gloves should be sprayed with ethanol or 70% isopropanol, and when there is contact with any other surface gloves should be washed with a disinfectant or the gloves changed.
When a higher level of containment is required (level 2, 3 or 4), additional physical containment measures should be taken (depending on the risk that the activity represents), for example BSC, positive pressure in clean rooms, air locks, showers, air filtering through HEPA filters and gasification systems for decontamination by gas.
Relative individual assessment with procedures that also assess the inherent danger of chemical products can help determine the required level of protection and the choice of type and class of BSC, or whether a smoke cabinet may be more appropriate in the case of chemical and other toxic products.
Biologic safety cabinets BSC create a safer work space inside clean rooms. They are aimed at protecting the personnel from inhaling aerosols in the first place, and secondly to protect the environment. Their action is based on pushing air out of the work area and allowing it to escape to the exterior of the room through high efficiency filters (HEPA). All these devices should fulfill the requirements and specifications of the standardization agencies of relevant country [11, 28] .
There are three types of safety cabinets: class I, II and III. The use of class I BSC is inadequate for the manipulation of material like stem cells, which are vulnerable to air contamination. They are designed for microbiologic research with low and moderate risk agents and are used for the containment of mixers, liquidizers and other equipment. These cabinets can be used with a front closing panel that will increase the speed of the flow, and if they are connected to the exterior escape they can be used for toxic materials or materials that produce radiation.
The use of class II BSC as well as adequate microbiologic and laboratory techniques offers an effective system of containment for the safe handling of moderate or high risk micro-organisms (biosafety level 2 and 3 agents). These cabinets, in addition to protecting the personnel, protect the research material through the HEPA filtering of the air flow on the entire work surface (vertical laminar circulation). Class IIA cabinets are apt for research in the absence of volatile or toxic chemical products and radionuclides because the air circulates again inside the cabinet. These cabinets can have the exit orientated toward the laboratory or toward the exterior using a connection to the escape system of the building. In contrast, class IIB cabinets are connected to the escape system of the building and have total negative pressure. Furthermore, the flow speed permits work with chemical and radionuclide products. Class III cabinets offer maximum protection to laboratory personnel, the community and the environment because all the dangerous materials are contained in an airtight ventilated receptacle.
BSC must be assessed and certified whenever they are installed in the laboratory, when they are moved or at least once a year. The installation personnel should be trained for the correct use of the BSC because there are activities that alter the air direction; brusque or constant arm movements within the cabinet, opening and closing of the room doors, inadequate positioning of material or equipment inside them, can all generate the escape of aerosols toward the exterior with the resulting risk of contamination.
The choice of appropriate BSC can be directed by the chemical products that are to be used and by the biologic risk and type of protection required. The personnel who use these cabinets, as is the case in stem cell bank installations, should receive certain indications before use. The recommendations for their correct operation have been published previously [11] .
Product storage
Devices for cell storage, such as freezers, refrigerators and gas or dry liquid nitrogen containers, should be cleaned and checked periodically. There is particular danger with the use of liquid nitrogen and the containers that store it. Special care should be taken with the handling of these tanks, both when inserting and removing the cryotubes, as this should always be done with protective measures such as thermal gloves, a thick plastic apron and facial protection. These containers should be installed in special areas with adequate ventilation because the accumulation of nitrogen reduces the environmental oxygen, with the risk of suffocation of the staff. It is necessary to have an installation that consists of sensors that detect the level of oxygen in the rooms where the nitrogen tanks are stored and an alarm system that produces an acoustic signal when the oxygen levels drop below 20%, as an unavoidable safety measure. There should also be extractors in these rooms that automatically activate when the environmental levels of nitrogen are at toxic levels and that help to evacuate the excess of environmental nitrogen to the outside.
The safety measures related to the handling of liquid nitrogen should be known by all the personnel who work in the stem cell bank installations, and above all by those who are assigned to the units of cryopreservation as they are the people who can be directly exposed to these risks. In the areas destined to cryopreservation, there should be written indications regarding the safety measures.
All the infectious materials should be labeled and packaged correctly. They should be stored in different containers and in cryotubes with a sealed top. It has been demonstrated that their storage in liquid nitrogen can lead to cross-contamination because of virus present within the stored material [29] , so instead of storing in liquid nitrogen they should be stored in nitrogen in the gas phase. If the cryotubes explode, the tank and all its contents should be decontaminated using adequate procedures.
Safety and emergency solutions
The biosafety guidelines underline that the use of satisfactory practices, adequate containment equipment, correct design of installations and administrative controls are necessary to minimize the risk of infections or accidental lesions to the personnel and to prevent the contamination of the environment outside the work zone. In the case of stem cell bank installations, there should be guidelines for the use of both biologic agents and toxins in order to minimize the risk of accidents.
Recognizing the different safety aspects
Safety specialists should be included in the assessment and application of the recommendations in installations. Likewise, the safety policy and procedures should be reviewed regularly so as to be coherent with other policies, above all in the case of accident or when identifying a threat.
In cell culture, it is necessary to register the selection, transport and use of human origin cells and those animal products that would be used in the cultures, to guarantee the maximum safety of the personnel working with them. These protocols should include an analysis of where the cells have come from and of the donors, in order to limit the risk of transmission of infections (donor selection), codification, to protect the donor's confidentiality, transport to the laboratory, which should include the notification, means of transport and storage, and finally the laboratory procedures concerning the handling of samples. Safety, storage and disposal tests of the cells should also be established. Regarding this, a European directive has been published concerning establishing safety and quality assurance regulations to donate, obtain, assess, process, preserve, store and distribute human cells and tissues in order to guarantee the safety and quality of these substances, mainly to avoid the transmission of illnesses [30] .
Control of the access to work areas
The laboratory area should be separated from areas of public access to the installation, and it is practical to use entry cards available to authorized personnel only. All the entries should be recorded (for example by visitors, maintenance employees and technicians), whether it is by entry card or signing a book. Entry to the laboratory should be permitted only to those who work there at a specific time. Finally, the freezers, refrigerators and nitrogen tanks where the biologic products are stored should be closed when they are not under direct supervision.
Control of personnel
All personnel should have visible identification that should include at least a name, photograph and expiry date. It is useful to use easily identifiable color markers and design symbols that indicate the authorization for restricted areas (clean rooms). Visitors should be given a means of identification and should be accompanied and supervised, following the same procedures as regular staff.
Control of the material in the laboratory
All the packages that come to an installation should be reviewed before going into the laboratory area. Packages that contain specimens and containers with bacteria, virus or toxins should be opened in a BSC or another adequate containment device.
The biologic materials that are sent to other laboratories should be packed and marked in accordance with the applicable regulations on local, national or international transfers [31] . If special permission is necessary, it should be acquired before packaging.
Manual transportation of microbiologic products and toxins is not adequate. When transported by a transport company, the company should fulfill all applicable regulations [31] .
Contaminated material should be decontaminated before leaving the laboratory. Chemical and radioactive materials should be eliminated in accordance with the applicable regulations.
Emergency plan
The laboratory area should be assessed by the installation personnel, and with the help of other specialists if necessary, to identify the safety problems before outlining an emergency plan. The installation administrators, installation director, principal researchers and those responsible for safety should participate in the emergency plan design. The police, firemen and other emergency services should be informed about the types of biologic materials that are used in the laboratory and should be involved in the planning of the emergency plans for the laboratory areas.
The emergency planning for an installation should be co-ordinated with planning for situations outside the installation. Possible events such as bomb scares, severe climatic conditions and power cuts need to be considered.
The installation director and safety staff should be able to use policies and procedures for notification and investigation of such things as non-documented visits, disappearance of reagents and chemical products and unusual or threatening telephone calls.
Good practice in stem cell bank installations
Physical containment alone is not enough to create safe working conditions. Containment should be combined with good working practices. Specific work practices should be defined for each level of containment. Furthermore, when the risk assessment of a procedure identifies a special danger that requires special containment or other precautions, it is better to isolate this activity in a restricted area within the laboratory, so different safety procedures should be described within those areas.
Personnel training
Each new member of staff should receive an assessment in order to know his and her training needs, and in this way establish a specific training program for the tasks that he or she is required to do. Furthermore, the establishment of a global safety training program regarding general aspects of chemical, physical, microbiologic and biologic risk, fire precautions and electrical safety, etc., should be promoted. This training should be carried out regularly and periodically as new requirements adapted for emergent regulations or new dangers that have to be controlled may be established.
Microbiologic safety: safe techniques and procedures. Risk awareness of the occupational exposure to infectious agents in stem cell bank installations and common sources of infection has led to the development, modification and use of equipment and procedures that minimize the risk associated with work with infectious micro-organisms [32] . Exposure to pathogens transmitted by blood is a common microbiologic risk that the staff of stem cell bank installations is faced with. Numerous laboratory procedures and equipment are considered to be potential sources of the creation of aerosols. The use of the microbiologic loop is a common source of generation of aerosols and also of bench-top and personnel contamination. Other sources can include the spontaneous fall of liquid from a culture loop, culture medium streak (particularly in mediums with rough surfaces) and extension of material on the slides to the microscope, cooling the loop in culture medium and sterilizing the loop in an open flame. Some alternative procedures that reduce risk are the use of loops with short handles, plastic disposable loops, electric incinerators and the use of BSC when working with dangerous micro-organisms. The use of pipettes is yet another laboratory object that is potentially dangerous [33, 34] , but the risks can be dramatically decreased by using disposable plastic pipettes, electronic dosage measure pipettors, throwing away the last drop of medium or culture and working on a surface that can be disinfected.
Accidents with centrifuges rarely cause infections, however just one accident could affect a large number of people [33, 35] . A non-recognized liberation of aerosols can be responsible for infections acquired in installations without an identifiable source; the most frequent cause is the breakage or escape of a centrifuge tube. This type of accident can be prevented by using faultless centrifuge tubes, correct use of the centrifuges (using the placement of counterweight tubes) and closing the centrifuge tubes in safety containers that will contain the aerosols when there is a breakage in the tube; later it will be possible to open these tubes in a BSC. However, placing the centrifuge inside the cabinet is not recommended as the air turbulence inside it permits the exit of aerosol into the environment [33] .
The use of mixers, homogenizers, sonicators and shakers can also generate infectious aerosols and contaminate the environment, and there are other additional dangerous risk procedures that are routinely carried out in installations. The existence of a liquid film between two surfaces (between a Petri plate or tube and work surface) that are separated results in the formation of aerosols that can be contaminants. Liquids that hit hard surfaces create large aerosols that can contaminate the environment. The opening of freeze-dried cultures aerosols the powdered material. Clinical specimens such as blood, cell cultures and contaminated culture mediums can be spread over the microscope platen and so be a potential danger transmitted by different sources.
Procedures and protective equipment of the personnel All human and animal fluids, including those used when preparing and obtaining cell lines, are potentially infectious and should be handled using adequate protective clothing and using techniques designed to minimize the exposure of the staff. Laboratories where such activities are carried out are required by certain legislative boards [36] to provide the staff with protective equipment. This includes laboratory gowns, long sterile and particlefree outfits, disposable gloves, face shields, goggles, masks and respirators.
Protective gloves should always be used by laboratory staff when they have contact with blood, fluids or other potentially infectious material (cell cultures), surfaces and potentially contaminated equipment. Gloves are the most important protective barrier because hand contamination is a very frequent cause of exposure to HIV, HBV and other pathogens [37] .
When there is risk of splashing and spraying while handling the infectious material during processing, eye and mouth protection should be used. Protective clothing such as laboratory coats, long sterile suits and aprons that are waterproof to liquids should be used to protect the staff 's skin from contamination by infectious material [38] .
Respiratory protection should be used in areas where there is risk of infection by aerosols of micro-organisms that are transmitted by air, such as M. tuberculosis . The use of highly efficient particle respirators is required [39] .
Spillage and elimination of biodangerous materials
Each installation should develop and implement a plan of treatment of accidental spillage of infectious or toxic material or liberation of infectious micro-organisms in the laboratory or the environment of the installation. The details can depend on the infectious or toxic agent, the quantity of the spillage and the possibility of generation of aerosols.
Less significant accidents can be treated immediately by cleaning with an appropriate disinfectant, while significant accidents or spills or the formation of aerosols can require disconnection of the ventilation system and decontamination of the work area and/or the laboratory. Some guides and protocols for the treatment of this type of contingency, the list of effective disinfectants and other relative information about the safety in those cases are available in the scientific literature [40, 41] .
Stem cell bank installations should also have an up-todate plan for the disposal of biologic and toxic remains [42] . Waste material that requires special attention includes infectious waste, pathologic, blood and blood product waste and material used during processing, such as pipettes. A residual treatment plan identifies the potentially infectious material and provides guidelines for correct manipulation, transport and disposal of the materials in question. Infectious material should be separated from any other type of material and placed in red leak-proof bags or bags with universal symbols of biologic danger. Pipettes and other sharp objects should be stored in adequate resistant containers. Infectious material should be autoclaved before destruction or incineration. Other alternative methods of sterilization of these residuals include chemical treatment (hypochlorite, chlorine dioxide, peracetic acid), microwave, dry heat, radiowave and infrared radiation.
Controls in stem cell bank installations
There are three types of control that should be used in stem cell bank installations to prevent or decrease the dangers associated with biologic procedures and with work where agents or biodangerous materials are used. The personnel should develop and implement the appropriate controls for their own protection and for protection of the community and work environment in order to analyze the dangers of each specific operation.
Administrative controls
Danger review process Each activity integrated in the installation should automatically receive a program and safety review as part of the risk analysis. This review process should assess the operations and procedures and other factors as part of a process of reduction of risk. The latter is based on the potential of adverse effects in healthy adults.
The review processes identify potential health dangers and also dangers to the environment, and cover factors such as virulence, pathogenicity, infectious dose, environmental stability, dissemination route, communicability, work operation, quantity, availability of vaccines or treatment, toxicity and the host's allergenic response. Furthermore, each review determines the controls that are necessary to minimize the danger and fulfill the codes and regulations. Some biologic activity proposals will require institutional review; all the activities that use infectious materials, recombining DNA technology, animals or the use of human subjects require an institutional review by an appropriate committee such as a biosafety committee.
These committees should be set up and serve to review all the biologic operations and research projects; moreover, they should identify the dangers associated with research and determine whether the dangers should be minimized or not. They should identify the probable advantages that are derived from research, determine whether the dangers are reasonable in relation to the alleged advantages or not and determine the intervals for periodic review.
Procedures and operational controls
Controls for biologic activities should include general microbiologic practice universal precautions, personal hygiene, good general cleaning practices, warning signs, emergency action when spillage occurs, reception and transport of substances and handling of disposable substances.
Engineering controls
With respect to the design of the installation, the engineering controls in stem cell bank installations should include a system of air management and treatment with HEPA filters, systems of positive pressure in the clean rooms, automatic environmental particle measurement systems (PMS), centralized fumigation systems with extraction units, nitrogen level detection units, etc. Moreover, the safety equipment should include mechanical aid (forceps, etc.), containers for sharp objects, smoke cabinets, armor plating and special containers for biologic material.
Personal protective equipment
Personal protective equipment includes gloves, coats, hats, safety shoes, shoe covers, boots, respirators, face shields, protective goggles and safety glasses (see above).
Conclusions
Stem cell bank installations encounter a wide variety of dangers, found in different work areas and including some that are unique compared with other types of installation. In addition to the dangers that are common to other laboratories, such as those caused by the use of chemical reagents and potentially infectious organic fluids, cells and tissues, specific and different risks should be well known by the personnel. Although the use of the safety guidelines from different governmental agencies should serve as a base and be categorically applied to these installations, the need to elaborate specific biosafety guides for stem cell bank installations is obvious, as there are inherent dangers when handling human and animal cell cultures that make them different in many aspects. In this sense, it is very important to develop an operations manual and a safety manual that can be used as a performance guide.
The means of control in these establishments should be simple and combine the use of appropriate equipment with documented laboratory procedures that are supported by thorough risk assessment. Moreover, and because of the dynamism of the research in these installations, all the processes and procedures should be updated and monitored regularly, and the staff and those responsible for quality assurance and safety in the laboratory should be provided with a continuous training program.
The operation of stem cell bank installations could entail new risks. To avoid these risks, it is necessary to implement the correct risk assessment, carry out the correct design for the installation, apply adequate biosafety levels and carry out the above controls.
